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ABSTRACT
Juvenile hawksbill, Eretmochelvs imbricata, and green, Chelonia mvdas, sea 
turtles are found in waters of Buck Island Reef National Monument, St. Croix U.S.
Virgin Islands. Sea turtle surveys were conducted at Buck Island in the summer of 1998 
and winter of 1999. Green turtles were found in the southern area of the monument in 
blocks A through J and block R. These blocks were either adjacent to or near areas of 
large sea grass beds, which are the predominant foraging areas for green sea turtles. The 
majority of juvenile hawksbills sighted were along the north side of the monument in 
blocks J through N. There was a significant difference in the mean number of juvenile 
hawksbills sighted in blocks with Low zoanthid (Zoanthus soriatus) cover and those with 
High zoanthid cover. More juvenile hawksbills were sighted in blocks with High 
zoanthid cover. Their habitat utilization around Buck Island reflects their foraging focus 
on zoanthids.
Radio and sonic telemetry was used to elucidate the surfacing and diving behavior 
and site philopatry of juvenile hawksbills at Buck Island. The surfacing and diving 
activity of juvenile hawksbills exhibited a strong diel component. The duration of time 
spent on the surface varied between day and night and among juvenile hawksbills 
studied. However, the frequency in which they surfaced was higher during the day than 
at night. This activity was similar to juvenile hawksbills, greens and Kemp’s ridleys 
elsewhere. The hawksbills exhibited strong site philopatry for the North side of Buck 
Island. Each turtle monitored had a relatively small home range (< 2 km ) which it 
occupied for at least several months. Turtles moved less than 1.09 km over a period of 
several months. Their ranges appeared to not be limited by the park boundaries but 
possibly by the distribution of zoanthids in the habitat. Judging from tag recapture 
studies these animals may be resident in the habitat for periods of at least several years. 
Strong site philopatry was maintained by one juvenile hawksbill despite the passage of 
Hurricane Lenny in November of 1999.
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The Habitat Utilization of Juvenile Hawksbill Sea Turtles (Eretmochelvs imbricata) 
at Buck Island Reef National Monument, St. Croix U.S. Virgin Islands
2Introduction
Sea turtles have evolved to their current form since the age of dinosaurs 
(Pritchard, 1997). Now, during the age of man, the survival of some species of sea turtles 
appears questionable. Populations of sea turtles throughout the world have been 
classified as endangered or threatened due to overfishing and habitat loss.
The life history of sea turtles is described in general terms by Musick and Limpus 
(1997). Turtles enter the water after they hatch and swim to offshore waters where they 
begin the pelagic phase of their life cycle. After an unknown period of years dubbed “the 
lost years”, the turtles actively recruit as larger juveniles to demersal and neritic habitats. 
Some demersal juveniles in temperate zones make seasonal foraging migrations to higher 
latitudes in the summer and lower latitudes in the winter. Demersal juveniles in the 
tropics are thought to have more localized movements. At the onset of maturity, 
juveniles move into adult foraging grounds, which may be separate, overlap, or coincide 
with juvenile foraging areas. Adult turtles leave their foraging areas to make 
reproductive migrations to the waters of their natal beaches for mating and egg deposition 
on the beaches.
Early research on sea turtles was done mostly on adult females as they came up to 
nest. Little information is known about the habitat usage of young juvenile sea turtles in 
their foraging grounds (Musick and Limpus, 1997). The work presented here tries to fill 
this information need by focusing on the habitat utilization of juvenile hawksbill sea 
turtles in their foraging habitat at Buck Island Reef National Monument, St. Croix, U.S. 
Virgin Islands.
3The hawksbill Eretmochelvs imbricata is a member of the modem group of 
shelled sea turtles called Cheloniidae and is the species most commonly found at Buck 
Island. The other member of this family that occurs in Buck Island waters is the green 
turtle Chelonia mvdas. The leatherback Dermochelvs coriacea sea turtle of the family 
Dermocheliyidae is only an occasional visitor to the area and is there to lay eggs.
The hawksbill sea turtle is an endangered species throughout its circumtropical 
range. This turtle has been highly prized for its decorative shell, meat, and eggs, which 
has consequently caused the decline of the species worldwide. As a result, the species is 
listed as endangered in U.S. waters under the Endangered Species Act of 1973 and on 
Appendix 1 of CITES the Convention on International Trade in Endangered Species of 
Wild Fauna and Flora in 1975. In 1996, the hawksbill was designated critically 
endangered in the “IUCN Red list of Threatened Animals”. This classification was based 
on inferred global population declines and projected declines of the species.
Conservation efforts have been severely hindered due to the lack of understanding 
of the basic biology of this species. This is partly due to the limited number of areas 
where there are any large populations of hawksbill turtles to study. To date, most long­
term research has been conducted on adult females in a few protected nesting rookeries, 
including the Seychelles, Northern Australia, Yucatan Peninsula, Puerto Rico, and Buck 
Island St. Croix U.S. Virgin Islands. There are even fewer studies of juvenile hawksbill 
turtles in their natural habitat (van Dam and Diez, 1996; Musick and Limpus 1997; 
Phillips, 1996).
The National Marine Fisheries Service/U.S. Fish & Wildlife Service Recovery 
Plan for Hawksbill Turtles in the U.S. Caribbean Sea, Atlantic Ocean, and Gulf of
4Mexico states that:
“Hawksbills larger than 22 cm straight carapace length are known to 
feed on sponges associated with coral reefs and other hard bottom habitats, but 
information on specific foraging areas is extremely limited. These areas need to 
be identified (NMFS, 1993).”
Two important criteria outlined in the Hawksbill Recovery Plan are:
1) “The habitat requirements of smaller hawksbills need to be identified.”
2) “Although hawksbills are principally reef dwellers, little is known about their 
distribution..., and the habitat features that influence these spatial and 
demographic patterns.”
The objective of the work presented here focused on the habitat utilization of 
juvenile hawksbills as it relates to the two major criteria outlined for recovery of the 
species. Four analyses are presented in this study: Sea turtle (hawksbills and greens) 
habitat utilization (Chapter I) as investigated by snorkel surveys; Diving behavior of 
juvenile hawksbills at Buck Island (Chapter II) as investigated by radio telemetry; Area 
usage and local movements of juvenile hawksbills (Chapter III) as investigated by radio 
telemetry; and Home range of juvenile hawksbills (Chapter IV) as investigated by sonic 
telemetry.
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7Introduction
The hawksbill sea turtle Eretmochelvs imbricata. is an endangered species 
throughout its circumtropical range. This turtle has been highly prized for its decorative 
shell, meat, and eggs, which has consequently caused the decline of the species 
worldwide. As a result, the species is listed as endangered in U.S. waters under the 
Endangered Species Act of 1973. In 1996, the hawksbill was designated critically 
endangered in the “IUCN Red list of Threatened Animals”. This classification was based 
on inferred global population declines and projected declines of the species. The habitat 
requirements of juvenile hawksbills and the spatial and demographic patterns that 
influence them are among the important studies needed for successful recovery of the 
species (NMFS, 1993).
Although previous research in the Caribbean has shown that hawksbills prefer a 
diet of sponges (Bjomdal, 1997; Meylan, 1988, Hillis, pers com), habitat studies at Buck 
Island have found very little sponge available (Bythell et al., 1989; Bythell et al. 1992). 
Recent esophageal lavage studies done on juvenile hawksbills have found that they feed 
mostly on the colonial anemone Zoanthus sociatus (zoanthid) (Allen, 1998; Mayor,
1996).
In 1997 a study was initiated through a cooperative agreement between the 
National Park Service and the Virginia Institute of Marine Science to determine the 
habitat utilization of juvenile hawksbill sea turtles at Buck Island Reef National 
Monument. The principal objective of this study was to determine the distribution and 
abundance of juvenile hawksbill sea turtles in the Monument relating to different habitat
types; particularly zoanthid cover. Although green turtles (Chelonia mydas) were not the 
focus of this study, observations on their distribution and abundance were also recorded 
and will be reported here.
Materials and Methods
Study Site—Buck Island Reef National Monument is located at 17° 47.4’ North Latitude 
and 64° 37.2’ West Longitude and sits 2.4 km off the northeastern side of St. Croix, U.S. 
Virgin Islands. The island was first protected in 1948 by the territorial government and 
proclaimed a National Monument in 1961 and placed under the administration of the 
National Park Service. Buck Island is 1.82 km long, 0.8 km wide and rises 103.0 meters
9 9above sea level. It is uninhabited and includes 4.0 km , 2.8 km of which are water and 
coral reef. The island is not volcanic in origin, but has resulted from the tectonic uplift of 
its sedimentary rocks. The island has a tropical dry forest and only day use is allowed. A 
bank barrier reef system surrounds the island and is primarily made up of Acropora 
palmatta (elkhom coral), the dominant reef building coral in the Caribbean. The eastern 
2/3 of the Monument has been designated a “Marine Garden”, protection zone, which 
contains the underwater interpretive snorkel trail. The underwater trail meanders through 
coral grottos out to the forereef where A. palmata coral ‘haystacks’ rise to the surface 
from a depth of 9 meters. The island is a nesting and foraging area for several threatened 
and endangered species including the brown pelican, least tern, leatherback, green, and 
hawksbill sea turtles.
9Sea Turtle Surveys. —Surveys for sea turtles were conducted in the Summer from May 
1998 through August of 1998 and in the Winter from December 1998 through March 
1999. The objectives were to define the relative distribution of sea turtles throughout the 
entire Monument. To determine this, the Monument was divided up into 18 blocks of 
0.25 km (Fig. 1). The comer of each block was located with a Garmin 12XL G.P.S. 
then marked by a buoy. Buoys and/or Life Jackets were placed on shore to mark the 
boundaries of blocks adjacent to the island. Sea turtle sightings and the dominant habitat 
characteristics for each block were recorded during the summer surveys. The summer 
surveys were done in the morning and afternoon to record the dominant habitat features. 
This allowed areas where the habitat characteristics were questionable to be revisited. 
Winter surveys were done once and concentrated on sea turtle sightings.
Surveys were done with use of snorkel gear. Blocks were surveyed by snorkel 
tows and/or snorkel swims across the block. Snorkel tows involved towing a person in 
snorkel gear behind a small boat. A Life Ring was towed 15 to 20 feet behind the boat.
A snorkel swimmer held on to the Life Ring as the boat traveled across the block. At the 
end of the survey line, the boat moved over to cover the next survey line. Tow speed was 
variable but averaged between 1-3 knots depending on sea conditions and visibility. 
Snorkel swims were done in areas of the reef not accessible by small boat. The surveys 
were done parallel to the prevailing current when possible to stay on the survey line. 
Surveyors swam on a line parallel and within submerged sight of each other from one 
side of the block to the other side. When the boundary of the block was reached, each 
surveyor moved along the edge of the block to survey the next line. The sea conditions 
and visibility determined the number of lines surveyed for each block. Visual coverage
10
Figure 1. Buck Island Reef National Monument with Study Blocks labeled A through R.
Zo
11
for each observer ranged from 8 to 20 feet on each side and was dependent on the 
visibility and depth of the water column.
When a turtle was sighted the surveyor alerted the other observer. If sighted 
while snorkeling, an arm was raised and the turtle was pointed out in the water. While 
being towed, the observer could signal stop to the boat operator by holding up an open 
hand. At this point the observer could let go of the Life Ring to monitor the turtles’ 
activity while the boat operator circled back on the survey line. The benthic habitat and 
the number of turtles sighted on each survey line and their location were written on a map 
of each block at the end of the survey.
Zoanthid Distribution— Habitat characteristics recorded during the surveys revealed 
that zoanthids were present in blocks 1-0 (Fig. 1). Samples were taken along a transect 
line in blocks I through O extending from the shoreline to the forereef. Three 1-m 
quadrats were used to sample each habitat zone and record the percent cover of zoanthids 
within blocks I through O. The habitat zones sampled were Shoreline, Lagoon, Backreef, 
Reefcrest, and Forereef as defined by Anderson et al. 1986.
The juvenile hawksbill sightings were compared to the percent abundance of 
zoanthid for each block using linear regression analysis. The samples from each block 
were assumed to be independent. The variances were found homogenous using Levene’s 
Test. Analysis of Variance was also used to compare the sightings of juvenile hawksbills 
to the concentrations of zoanthids. The zoanthid concentrations were separated into Low 
(0% -  0.3%) and High (10.0%-34.8%) concentrations. These categories were considered 
as two levels of an ANOVA factor, called “Zoanthid Cover” with levels Low and High.
12
The corresponding number of juvenile hawksbills sighted served as the response 
(dependent) variable in the ANOVA, with the corresponding sightings for the Low 
zoanthid cover under level one and those for High zoanthid cover under level two. The 
actual zoanthid cover was not used in the ANOVA. The values were used to categorize 
the juvenile hawksbill sightings.
Results
A total of 85 turtles; 66 hawksbills, 19 greens were observed during the surveys 
(Fig. 2). Turtles in the 30 to 49 cm straightline carapace length (scl) were the most 
frequent size class observed (Fig. 3). Hawksbill turtles were observed mostly in blocks J 
through N and green turtles were observed mostly in blocks A through J (Fig 2). The 
highest percent cover of zoanthid was found in blocks J through N (Fig 4). There was a 
significant correlation between the number of juvenile hawksbills sighted per block and 
the percent cover of zoanthid per block; R2 = 0.848, P < 0.0001 (Fig. 5)(Linear 
Regression, SAS). The number of hawksbills sighted in areas of High zoanthid cover 
was significantly different to the number of hawksbills sighted in areas of Low zoanthid 
cover (ANOVA, F= 39.92, DF= 1, 16, P< 0005)(Fig. 6).
Discussion
The greens and hawksbills sighted during the surveys fit well within the juvenile 
size classes defined for both species (Fig. 3) (Meylan et. al., 1997; Musick and Limpus,
Figure 2. Total number of sea turtles sighted by block. Ei = hawksbill turtles; Cm 
green turtles.
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Figure 3. Size class frequency distribution of sea turtles sighted. Measurements are 
estimates of the straight-line carapace length in centimeters. Ei = hawksbill turtles; Cm 
green turtles.
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Figure 4. Percent cover of zoanthids in blocks H through O at Buck Island.
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Figure 5. Linear Regression between juvenile hawksbill sightings and zoanthid cover in 
blocks H through O; (R squared = 0.848, P<0.0001).
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Figure 6. Graph showing the mean number of juvenile hawksbills sighted for the levels 
Low and High zoanthid coverage of the ANOVA factor (ANOVA, F= 39.32, DF= 1, 16, 
P< 0.0005).
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1997; Boulon, 1994). Although both species recruit to demersal habitats at small sizes, 
hawksbills tend to recruit at a much smaller size (20 to 25 cm scl) than greens (30 to 40 
cm scl) (Fig. 3) (Boulon, 1994; Meylan et al., 1997; Musick and Limpus, 1997). Most of 
the green turtles sighted were in survey blocks on the south side of the Monument (Fig. 
2). These blocks were either adjacent to or in close proximity to large sea grass beds. Sea 
grass beds are the predominant foraging area for green turtles (Gladfelter et al; 1977; 
Bjomdal, 1980; Ogden, et al., 1983; Bythell et al., 1989; Musick and Limpus, 1997). 
During the surveys these animals were occasionally seen foraging on Thalassia 
testudinum.
The majority of the hawksbills sighted were along the north side of the Monument 
within blocks J through N, areas of high zoanthid coverage (Fig. 2). The reef structure in 
these blocks is continuous and is predominantly made up of dead Acropora palmata. 
Inside and seaward of the continuous reef structure are numerous patch reefs that extend 
north outside the Monument towards the Buck Island Bar, a submerged bank-barrier reef. 
On the western side of Block N the continuous reef system breaks up into a series of 
contiguous patch reefs. The limited number of adults observed in the Monument suggests 
that Buck Island is mainly a foraging habitat for juvenile hawksbills. The coral reef 
habitat is ideal structurally for juvenile hawksbills settling from the pelagic stage. 
However it does not provide the sponge population that hawksbills forage on in other 
areas. Sponges were not observed during the sea turtle surveys and little to no sponge has 
been observed in the previous studies done at the Monument (Bythell et al. 1989). 
Although zoanthids are not common in the diets of hawksbills elsewhere, it is the main
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diet of juvenile hawksbills at Buck Island (Mayor et al., 1996; Allen, 1998; Meylan, 
1988). Numerous juvenile hawksbills observed in our surveys, along with three juveniles 
tracked during this study, (Chp 3) were detected feeding on zoanthid.
Conclusions
The habitat surrounding Buck Island fullfills the demersal needs of developing 
juvenile hawksbills and green turtles (Bjomdal, 1997; Musick and Limpus, 1997). In the 
past, hawksbills have been described as omnivorous scavengers (Witzell, 1983; Ingle and 
Smith, 1949). More recent studies have shown that in the Caribbean hawksbills forage 
primarily on sponges (Bjomdal, 1997; Meylan, 1988). Since sponge is not available for 
consumption by hawksbills at Buck Island, it appears that the juveniles have found a 
replacement to sustain them until the onset of maturity. Their habitat utilization at Buck 
Island Reef National Monument reflects their foraging focus on zoanthid. It remains to 
be seen if zoanthid is nutritionally comparable to sponge.
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Introduction
Extensive in-water observations on the surfacing behavior of sea turtles are often 
difficult to perform due to their alertness and the extreme nature of the marine 
environment (van Dam and Diez, 1996). Indirect methods using time depth recorders 
(TDRs) and various telemetry devices have often been utilized to gain insight into the 
natural surfacing and diving behavior of sea turtles with success (Ogden et al, 1983;
Ekert et al. 1989; Keinath and Musick, 1993; van Dam and Diez, 1996, 1997).
Few studies have used these indirect methods to investigate the surfacing 
behavior of juvenile turtles on their foraging grounds in the Caribbean (Ogden, 1983; van 
Dam and Diez, 1996, 1997, 1997). Ogden et al (1983) studied the foraging behavior of 
juvenile green turtles Chelonia mvdas in St. Croix, U.S. Virgin Islands. Juvenile 
hawksbills at Mona Island were studied for up to 12 days with Time Depth Recorders by 
van Dam and Diez (1996, 1997, 1998).
The purpose of this study was to investigate the surface and dive intervals of 
juvenile hawksbills foraging in the waters surrounding Buck Island. The overall 
objective was to gain greater understanding about the habitat utilization of juvenile 
hawksbill sea turtles on their foraging grounds.
Materials and Methods
Study Site— Buck Island Reef National Monument is located at 17° 47.4’ North Latitude 
and 64° 37.2’ West Longitude and sits 2.4 km off the northeastern side of St. Croix, U.S. 
Virgin Islands (Chpl.)
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Turtle capture—All turtles were captured by hand in the coral reef environment 
surrounding Buck Island.
Telemetry—A radio telemetry system (Lotek, Newmarket Ontario Canada) was 
established on top of Buck Island to monitor the surfacing intervals of juvenile 
hawksbills tracked. The system consisted of the following equipment: six elemental Yagi 
antennas, cellular antenna, cellular phone, Lotek SRX-400 W30 Data Logger and 
Receiver, solar panel, Voltage regulator, and a deep cycle marine battery. The six 
antennas were attached to a 9.1m U.S. Coast Guard tower and provided full coverage of 
Buck Island and the surrounding area out to about three miles under good conditions (Fig 
1). The antennas were connected through an antenna switch box to an SRX-400 W30 
Data Logger and Receiver. The system was powered and charged with a large deep cycle 
marine battery connected to a solar panel. A voltage regulator was attached to the system 
to regulate current flow.
The radio tags (Lotek, Newmarket Ontario Canada) operated at a frequency of
149.540 MHz and were 90 x 80 x 30 mm. They weighed 100 grams in air and featured a 
semi-rigid antenna with a double-coated spring design. The antenna folded back when the 
turtle swam or encountered a solid object and extended vertically when the turtle 
surfaced. While at the surface, the radio tag could emit a signal, but when submerged 
transmission of a signal is impossible due to the high conductivity of seawater. The tag 
was attached to the second vertebral scute on the turtles’ carapace where it offered the 
most optimal signal transmition when the turtle surfaced (Fig 2). The tag was attached 
with epoxy and covered in Bondo filler for abrasion protection. The transmitters had 8-9
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Figure 1. Buck Island Reef National Monument with study blocks labeled A through R 
and antenna lobes showing coverage of the monument.
mCO
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Figure 2. Radio transmitter placement on the turtles’ carapace.
Radio tag'
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months of battery life. If the turtles were not recaptured for transmitter removal the radio 
tags would shed off the turtles carapace as it grew.
When the turtles surfaced each transmitter emitted a separate coded signal every 
2.5 seconds for each turtle monitored. The Lotek SRX-400 W30 Data Logger received 
the radio signals, decoded and then stored them. The stored information was downloaded 
by cellular phone to an N.P.S. Resource Management computer then transferred to a 
database. The radio telemetry station was established on December 16, 1997 and taken 
down on September 18, 1998 due to the approach of Hurricane George.
Interval calculations—Surface and dive durations were investigated for each 
turtle by looking at the average time spent on the surface and on a dive during the time 
period it was monitored. The average duration in minutes a turtle spent on the surface or 
on a dive was summed for each day and night while the turtle was monitored. The 
average surface durations during the day and night for each turtle was tested for 
differences using a two sample student’s t- test. The differences in the average dive 
durations during the day and night were also tested for each turtle using a two sample 
student’s t- test. The sample size (N) was the total days/nights utilized in the comparison 
of the surface and dive durations for each turtle (Table 3 & 4).
Percent time spent on the surface during the day and night was calculated by 
summing all the surface events for each day and dividing it by the total time available to 
surface multiplied by 100. All of the percent times for each day was summed and 
averaged to get the percent time the turtle spent on the surface over the time period (N 
number of days) it was monitored. This process was repeated to calculate the percent
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time spent submerged during the time period the turtle was monitored. This was done for 
each turtle monitored.
Results
During the period from January 1998 to September 1998 four juvenile hawksbills 
were tracked at Buck Island using the telemetry station (Table 1&2). From Dawn to dusk 
(06:12 -  07:02 to 17:47 -  19:58h local time, (time varied by different turtle deployments) 
turtles surfaced and dove an average of 3.1 % (sd = 0.4) and 96.6% (sd = 0.3) of the time, 
respectively (Table 3 & 4). Daytime surface and dive times ranged from 23.1-54.0 (mean 
= 36.5; sd = 12.9) seconds and 12.5 -  51.7 (mean = 24.7; sd = 12) minutes respectively 
(Table 5 & 6). At night turtles surfaced and dove an average of 2.3 % (sd = 0.6) and 
97.7% (sd = 0.5) of the time, respectively (Table 3 & 4). Nightly surface and dive times 
ranged between 32.0 -  44.4 (mean = 38.5; sd = 5.5) seconds and 21.4-47.8 (mean = 31.0; 
sd = 8.2) minutes.
The surface durations for turtles QQD-613 and QQD-622 were longer during the 
day than at night (paired two sample t = 2.47, df = 269, P <0.0141 and t = 2.46, df = 52,
P <0.0174 respectively)(Table 5). The surface durations for turtles QQD-672 and QQD- 
847 significantly longer during the night than during the day (paired two sample 
t = -11.4, df=  155, P <  0.0001 and t = -8.0, df = 117, P < 0.0001)(Table 5). Turtles 
QQD-613, QQD- 672, and QQD-847 displayed significantly longer dive times during the 
night than during the day (paired two sample t = -8.34, df = 251, P < 0.0001; t = -23.5, df 
= 155, P < 0.0001; and t = -22.0, df = 157, P < 0.0001 respectively)(Table 6). The 
difference between day and night dive times were not strongly significant for turtle QQD-
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622 (paired two sample t = 0.96, df = 58, P < 0.3400)(Table 6). Surface and dive 
durations were more variable during the day than the night (Table 5 & 6).
Discussion
The surfacing and diving activity of the hawksbills studied exhibited a strong diel 
component. This is illustrated by longer percent surface times observed during the day 
and longer percent dive times observed at night (Table 3 & 4). Turtle QQD-622 showed 
little difference between day and night dives (Table 6). This strong diel periodicity was 
not seen in Table 5 because it only takes into account the duration of time the animal is 
on the surface. The total number of surfacings (E) shows that the turtles surface more 
during the day than at night (Table 3). The duration of time spent on the surface may 
vary between day and night and among turtles. However, the frequency in which they 
surface is higher during the day than at night (Table 3).
If juvenile hawksbills come to the surface solely for the purpose of respiration, the 
rest of the daytime hours can be spent traveling, resting, foraging, and avoiding predators; 
which are diel activities observed in juvenile hawksbills during the sea turtle snorkel 
surveys (Chp I). Higher activity levels during the day would increase the oxygen 
demand and result in a higher percentage of time on the surface during the day as 
observed in this study. The longer dive times at night indicated the turtles probably were 
were spending their time resting. The longer night dives than day dives were probably 
attributable to lower metabolic requirements when the juveniles are resting at night. 
Juvenile hawksbills monitored at Buck Island and Mona Island were generally inactive at
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night and moved very little from sunset to sunrise (Chp IV, van Dam and Diez, 1996, 
1997,1997). Prange (1976) measured the metabolic rates in juvenile green turtles and 
demonstrated that active turtles had metabolic rates up to four times higher than when 
they were at rest.
Similarly, juvenile hawksbills observed at Mona Island, Puerto Rico spent 4.0% 
of the time on the surface during the day (range 37-64 sec) and 2.0% (range 36-60 sec) on 
the surface at night. Juveniles were submerged 86% (range 8-26 min) of the time during 
the day and 96% (range 30-47 min) during the night (vanDam and Diez, 1996, 1997). 
Juvenile hawksbills observed had longer surface times during the day than at night and 
longer dive times during the night than the day (vanDam and Diez, 1996, 1997).
Ogden et al. (1983) also observed diel behavioral patterns in juvenile green turtles 
on their foraging grounds (sea grass beds) at St. Croix U.S. Virgin Islands. Their daily 
dive times ranged between 3-10 minutes during their monitoring period. Byles found that 
juvenile Kemp’s ridleys on their foraging grounds in the Chesapeake Bay surfaced for 
longer periods during the day than at night. Their dive times were longer during the night 
than during the day similar to what was observed for juvenile hawksbills at Buck Island. 
The Kemp’s ridleys observed averaged 2.1 minutes on the surface and 12.7 minutes on 
dives during the day. Loggerheads observed in the same area, averaged 1.4 minutes on 
the surface and 18.9 minutes per dive during the day. Loggerheads tended to remain on 
the surface longer and submerged longer during the night.
Although the surface and dive times varied among individuals and different 
species, all turtles exhibited longer surface times during the day and longer submergence 
times during the night indicating a diel periodicity in their behavior.
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Conclusions
The diel periodicity exhibited by juvenile hawksbills on their foraging grounds at 
Buck Island is similar to juveniles studied at Mona Island Puerto Rico (Kontos and 
Eckert 1988; vanDamn and Diez, 1996, 1997, 1997). Surface and dive durations varied 
among individual juvenile hawksbills in this study, and greens, and Kemp’s ridleys in 
other studies. However, the turtles showed greater activity during the day and apparent 
resting behavior at right. Although their habitat and prey items are different (Ch I), the 
juvenile hawksbills at Buck Island have similar constraints on surfacing and diving 
activity as at Mona Island.
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Table 1. Time period monitored and area of capture and release of 
tracked juvenile hawksbills.
Turtle Id
Monitoring
Period
Capture and 
release location
QQD-613 15-Dec-97 to 18-Sept-98 Block J
QQD-622 16-Dec-97 to 30-May-98 Block J
QQD-672 17-April-98 to 30-Jul-98 Block L
QQD-847 13-Jun-98 to 18-Sept-98 Block D
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Table 2. Size classes of turtles monitored with telemetry equipment.
CL and CW = straightline carapace length and width in centimeters 
respectively. Turtle weight is in Kilograms
F haplotype is found in Cuba, Belize, Buck Island, Puerto Rico, and Costa Rica 
turtle populations. N haplotype is found in Puerto Rico turtle populations
Turtle Id CL (cm) CW (cm) Weight (Kg) Haplotype
QQD-613 62 48 35 F
QQD-622 51.4 36.3 14 N
QQD-672 50.9 39.6 18 F
QQD-847 49.8 34.9 14.5 N
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Table 3. Percent time spent on the surface for juvenile hawksbills monitored 
at Buck Island. N = number of days/nights observed (sample size);
( )  = Standard deviation; E = total number of surfacings for each turtle 
while it was monitored for the day and night.
Turtle ID
Daytime Nighttime
N % Surface time E N % Surface time E
QQD-613 129 3.61 (+/-1.4) 5597 142 2.52 (+/- 0.8) 4954
QQD-622 36 2.54 (+/- 2.0) 1023 36 1.41 (+/- 0.4) 905
QQD-672 77 3.04 (+/- 0.6) 3304 80 2.57 (+/- 0.5) 1699
QQD-847 79 3.16 (+/- 0.6) 4778 80 2.56 (+/- 0.9) 2335
Average 3.1 (+/- 0.4) 2.3 (+/- 0.6)
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Table 4. Percent time spent submerged for juvenile hawksbills monitored at 
Buck Island. N = number of days/nights observed (sample size);
( )  = Standard deviation; E = total number of surfacings for each turtle 
while it was monitored for the day and night.
Turtle ID
Daytime Nighttime
N % time Submerged E N % time Submerged E
QQD-613 129 96.44 (+/- 2.7) 5572 142 97.17 (+/- 1.7) 4949
QQD-622 30 97.0 (+/- 5.9) 1043 53 98.28 (+/- 5.4) 893
QQD-672 77 96.43 (+/- 2.0) 3302 80 97.74 (+/- 2.5) 1695
QQD-847 79 96.40 (+/- 2.3) 4784 80 97.68 (+/- 2.0) 2331
Average 96.6 (+/- 0.3) 97.7 (+/- 0.5)
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Table 5. Average time (s) seconds spent on the surface for juvenile 
hawksbills monitored at Buck Island. N = number of days/nights 
observed; (+/-) = Standard Deviation; ( )  = range.
Daytime Nighttime
Turtle ID N Surface Time (s) N Surface Time (s)
QQD-613 129 35.5 +/-13.8  
(6.7 - 74.5)
142 32.0 +/-9.1 
(8.3 - 55.7)
QQD-622 36 54.0 +/- 27.2 
(21 .7 -76 .6)
36 41.2 +/-13.8  
(12 -67 .1 )
QQD-672 77 33.2 +/- 7.4 
(21.2-70.0)
80 44.4 +/- 5.0 
(34.6 - 59.4)
QQD-847 79 23.1 +/- 3.4 
(18 .8 -42 .3 )
80 36.3 +/-11.7  
(23.3- 106.1)
Average
Range
Variance
36.5 +/-12.9  
(23.1 -54.0) 
8.8
38.5 +/- 5.5 
(32.0 - 44.4) 
4.3
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Table 6. Average total time (m) minutes spent submerged during the day 
and night for juvenile hawksbills monitored at Buck Island. N = number of 
days/nights observed; (+/-) = Standard Deviation; ( )  = range.
Turtle ID
Daytime
N Dive duration (m)
Nighttime
N Dive duration (m)
QQD-613 129 16.6 +/-5.1 
(10.4-46.6)
142 21.4 +/- 4.3 
(13 .0 -36 .8)
QQD-622 30 51.7 +/-18.4  
(26 .5-91.5)
53 47.8 +/-17.5  
(27.4 - 96.4)
QQD-672 77 17.8 +/- 3.9 
(11 .5 -41 . 2)
80 31.5 +/- 3.3 
(25.2 - 42.2)
QQD-847 79 12.5+/-2 .7  
(9 .2 -27 .1 )
80 23.1 +/- 3.4 
(18 .8 -42 .3 )
Average
Range
Variance
24.7 +/- 12 
(12.5-51.7) 
330.3
31.0 +/-12.1 
(21 .4-47.8) 
145.7
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Introduction
The hawksbill sea turtle Eretmochelys imbricata is a tropical sea turtle and is 
endangered throughout its range (Pritchard, 1997). They are protected in U.S. waters 
under the Endangered Species Act of 1973. Juvenile hawksbills are thought to settle into 
benthic habitats after their pelagic post-hatchling life phase (Musick and Limpus, 1997). 
Few studies exist on the developmental habits of juvenile hawksbills in their foraging 
habitat (Kontos and Eckert, 1988; van Dam and Diez 1996, 1997, 1997, 1998). Most 
studies on these turtles in the past have been limited to nesting females because they were 
most accessible to researchers on the nesting beach.
Extensive in-water observations of sea turtles in their foraging habitat are often 
difficult to perform. Sea turtles maybe very alert and are quite mobile in their marine 
environment (van Dam and Diez, 1996). Indirect methods using time depth recorders 
and telemetry devices have often been utilized to gain insight into the natural behavior of 
sea turtles with success (Ogden et al, 1983; Byles, 1988; Ekert et al. 1989; Keinath and 
Musick, 1993; van Dam and Diez, 1996, 1997).
Studies on the movement patterns of juvenile turtles on their foraging grounds in 
the Caribbean are limited. The objective of this study is to investigate the habitat 
utilization of juvenile hawksbills at Buck Island St. Croix U.S. Virgin Islands. This study 
examines the area utilized by four juvenile hawksbills at Buck Island using a radio 
telemetry tracking station.
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Materials and Methods
Study Site— Buck Island Reef National Monument is located at 17° 47.4’ North Latitude 
and 64° 37.2’ West Longitude and sits 2.4 km off the northeastern side of St. Croix, U.S. 
Virgin Islands (Chpl.)
Turtle capture—All turtles were captured by hand in the coral reef environment 
surrounding Buck Island.
Telemetry—A radio telemetry system (Lotek, Newmarket Ontario Canada) was 
established on top of Buck Island to monitor local movement and habitat utilization of 
juvenile hawksbills tracked. The system consisted of the following equipment: six 
elemental Yagi antennas, cellular antenna, cellular phone, Lotek SRX-400 W30 Data 
Logger and Receiver, solar panel, Voltage regulator, and a deep cycle marine battery.
The six antennas were attached to a 30-ft. U.S. Coast Guard tower and provided full 
coverage of Buck Island and the surrounding area out to about three miles under good 
conditions (Fig 1). The antennas were connected through an antenna switch box to an 
SRX-400 W30 Data Logger and Receiver. The system was powered and charged with a 
large deep cycle marine battery connected to a solar panel. A voltage regulator was 
attached to the system to regulate current flow.
The radio tags (Lotek, Newmarket Ontario Canada) operated at a frequency of
149.540 MHz and were 90 x 80 x 30 mm. They weighed 100 grams in air and featured a
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Figure 1. Antenna lobes showing full coverage of the monument.
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semi-rigid antenna with a double-coated spring design. The antenna folded back when the 
turtle swam or encountered a solid object and extended vertically when the turtle 
surfaced. While at the surface, the radio tag could emit a signal, but when submerged 
transmission of a signal is impossible due to the high conductivity of seawater. The tag 
was attached to the second vertebral scute on the turtles’ carapace where it offered the 
most optimal area to transmit a signal when the turtle surfaced (Fig 2). The tag was 
attached with epoxy and covered in Bondo filler for abrasion protection. The transmitters 
had 8-9 months of battery life. If the turtles were not recaptured for transmitter removal 
the radio tags were shed off the turtles’ carapace as they grew.
When the turtles surfaced each transmitter emitted a separate coded signal every 
2.5 seconds for each turtle monitored. The Lotek SRX-400 W30 Data Logger received 
the radio signals, decoded and then stored them. The stored information was downloaded 
by cellular phone to an N.P.S. Resource Management computer then transferred to a 
database (Foxpro). The radio telemetry station was established on December 16, 1997 
and taken down on September 18, 1998 due to the approach of Hurricane George.
Data analysis—The radio signals (hits) ranged from 0 - 2 3 8  SRX power (0 being the 
lowest and 238 the highest). During each surfacing the SRX recorded all the hits 
received for each antenna. The blocks most utilized were determined by the number of 
high power hits (hits of SRX power >200) received by antennas covering those blocks 
(Fig. 1).
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Figure 2. Position of Radio tag on turtles’ carapace.
Radio tag
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Results
Four juvenile hawksbills were tracked at Buck Island with the radio tracking 
station (Table 1-2). Turtle QQD-613 had 89% of the strong signals received by antenna 3 
(Table 3). About 5% of the observations came from antennas 2 and 4 (Table 3). The 
area utilized by QQD-613 were Blocks J through L (Fig 3)(Table 3).
Turtle QQD-622 had 54% of its strong signals from antenna 3 (Table 4).
Antennas 1 and 2 made up 18.7 and 22.6 % of the observations respectively. The area 
utilized by QQD-622 were Blocks J through L (Fig. 4)(Table 4).
Turtle QQD-672 had 31.3 % of the observations from antenna 2, 30.3% from 
antenna 1, and 19.9% from antenna 3. The area utilized by QQD-672 were Blocks K 
through N (Fig. 5)(Table 5).
Turtle QQD-847 had 53% of the observations received by antenna 1, 28.5% 
received by antenna 6, and 18.1% received by antenna 2. Turtle QQD-847 utilized 
Blocks M through N and blocks D and E (Fig.6)(Table 6). None of the turtles utilized 
areas on the south side of the study site toward the St. Croix mainland while they were 
monitored.
Discussion
Hits greater than 200 power were used to determine the areas utilized by the 
turtles because they gave a more definitive area of usage than the lower power hits. The 
hits greater than 200 indicated that the turtles were within the park boundaries. It could
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Figure 3. Usage area for turtle QQD-613 during the time monitored. The offshore 
boundary is arbitrary but approximates the range of strong signal attenuation.
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Figure 4. Area of usage for turtle QQD-622 during the time monitored. The offshore 
boundary is arbitrary but approximates the range of strong signal attenuation.
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Figure 5. Area of usage for turtle QQD-672 during the time period monitored. The 
offshore boundary is arbitrary but approximates the range of strong signal attenuation.
w' fy*J
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Figure 6. Area of usage for turtle QQD-847 during the time monitored. The offshore 
boundary is arbitrary but approximates the range of strong signal attenuation.

51
not be determined with hits less than 200 power if the turtles were along the shoreline of 
the Buck Islands or outside the park boundaries. As a result, the shoreline along the east 
and north side of Buck Island was included in the areas designated of use (Fig 3-6). The 
turtles monitored were observed outside the boundary of the park on several occassions. 
As a result, areas outside the monument boundaries were included in the designated areas 
of use.
The four juveniles monitored confined their activities to the north and eastern side 
of Buck Island, where high concentrations of juvenile hawksbills were observed during 
the snorkel surveys (Ch I.). All of the areas utilized by the juvenile hawksbills were in 
close proximity to concentrations of zoanthids, their main food source at Buck Island (Ch 
I). The turtles exhibited a strong site tenacity for the northern side of the island probably 
because their main food source was most abundant there (Ch I). Recaptures and diving 
observations of the juveniles at the Monument were all within areas covered by the 
tracking station (Table 7-10). Juvenile hawksbills observed at Mona Island, Puerto Rico 
utilized small areas the reef habitat and appeared to be resident to specific areas of their 
foraging grounds for several years (van Dam and Diez, 1997, 1998). Byles (1988) 
reported similar behavior by juvenile loggerheads and Kemp’s Ridley in the Chesapeake 
Bay, Virginia. Once their foraging sites were established these turtles remained in the 
habitat until they migrated south to their over-wintering habitat.
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Conclusions
Juvenile hawksbills exhibited strong site philopatry for North side of Buck Island. 
Each turtle monitored had a relatively small home range (< 2 km2) which it occupied for 
at least several months. Judging from tag recapture studies on the juveniles they maybe 
resident in this habitat for periods of at least several years (van Dam and Diez, 1997, 
1998). Their ranges also appear to not be limited strictly by the park boundaries but may 
be determined by the distribution of zoanthid prey in the habitat.
Table 1. Period monitored and area of capture and release of telemetry
monitored juvenile hawksbills.
Turtle Id
Monitoring
Period
Capature and 
release location
QQD-613 15-Dec-97 to 18-Sept-98 Block J
QQD-622 16-Dec-97 to 30-May-98 Block J
QQD-672 17-April-98 to 30-Jul-98 Block L
QQD-847 13-Jun-98 to 18-Sept-98 Block D
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Table 2. Size classes of turtles monitored with telemetry equipment.
CL and CW = straightline carapace length and width in centimeters 
respectively. Turtle weight is in Kilograms. The F haplotype is found in Cuba, 
Belize, Buck Island, Puerto Rico, and Costa Rica turtle populations The N 
haplotype is found in Puerto Rico turtle populations.
Turtle Id CL (cm) CW (cm) Weight (Kg) Haplotype
QQD-613 62 48 35 F
QQD-622 51.4 36.3 14 N
QQD-672 50.9 39.6 18 F
QQD-847 49.8 34.9 14.5 N
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Table 3. The range of antennas and the total number of high power hits
received for turtle QQD-613
A ntenna # Total hits>200 Percent of Total
1 0 0.0%
2 145 5.3%
3 2419 89.0%
4 153 5.6%
5 0 0.0%
6 0 0.0%
Total 2717
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Table 4. The range of antennas and the total number of high powe
hits received for turtle QQD-622
A ntenna # Total hits>200 P ercen t of Total
1 222 18.7%
2 269 22.6%
3 644 54.2%
4 26 2.2%
5 0 0.0%
6 28 2.4%
Total 1189
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Table 5. The range of antennas and the total number of high power hits
received for turtle QQD-672
A ntenna # Total hits>200 P ercen t of Total
1 6509 30.3%
2 6719 31.3%
3 4268 19.9%
4 439 2.0%
5 6 0.0%
6 3521 16.4%
Total 21462
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Table 6. The range of antennas and the total number of high power hits
received for turtle QQD-847
A ntenna # Total hits>200 Percent of Total
1 3115 53.0%
2 1064 18.1%
3 23 0.4%
4 0 0.0%
5 0 0.0%
6 1675 28.5%
Total 5877
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Table 7. Capture history for QQD-613 showing the areas in the Monument 
where the turtle was observed. FRRF= Forereef; BKRF= Backreef;
SHRF= Shoreline reef; HYSK= Haystack (A. palmata reef formation)
LGN= Lagoon; SD= Sand; PRF= Patch Reef.
Turtle Id Year # of Times sited Blocks Location Habitat
QQD-613 1994 1 K FRRF Reef
1995 4 J,K BKRF Reef
1996 2 J,K BKRF, HYSK Reef
1997 6 J.K BKRF, SHRF Reef
1998 11 J.K BKRF, FRRF,HYSK Reef
1999 1 J BRRF Reef
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Table 8. Capture history for QQD-622 showing the areas in the Monument 
where the turtle was observed. FRRF= Forereef; BKRF= Backreef; 
SHRF= Shoreline reef; HYSK= Haystack (A. palmata reef formation)
LGN= Lagoon; SD= Sand; PRF= Patch Reef.
Turtle Id Year # of Times sited Blocks Location Habitat
QQD-622 1995 2 J,K BKRF,FRRF Reef
1996 7 J,K FRRF,BKRF Reef
1997 6 J,K BKRF,FRRF, SD SD.Reef
1998 4 J,K BKRF,SHRF Reef
1998 11 J,K BKRF, FRRF.LGN SD.Reef
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Table 9. Capture history for QQD-672 showing the areas in the Monument 
where the turtle was observed. FRRF= Forereef; BKRF= Backreef; 
SHRF= Shoreline reef; HYSK= Haystack (A. palmata reef formation)
LGN= Lagoon; SD= Sand; PRF= Patch Reef.
Turtle Id Year # of Times sited Blocks Location Habitat
QQD-672 1996 2 L,L BKRF.FRRF Reef
1998 1 L FRRF Reef
1999 1 J FRRF Reef
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Table 10. Capture history for QQD-847 showing the areas in the Monument 
where the turtle was observed. FRRF= Forereef; BKRF= Backreef;
SHRF= Shoreline reef; HYSK= Haystack (A. palmata reef formation)
LGN= Lagoon; SD= Sand; PRF= Patch Reef.
Turtle Id Year # of Times sited Blocks Location Habitat
QQD-847 1998 4 D.M.N.O PRF.BKRF Reef
1999 2 N,0 BKRF Reef
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Introduction
The circumtropically distributed hawksbill sea turtle, Eretmochelys imbricata. is 
endangered throughout its range (NMFS, 1993; Lutz and Musick, 1997). After their 
pelagic post-hatchling phase, sea turtles are thought to settle into benthic habitats as 
larger juveniles (Musick and Limpus, 1997). Free ranging juvenile hawksbills are very 
alert and highly mobile which makes in-water studies of them difficult in the marine 
environment (van Dam and Diez, 1996; Pemberton pers obs.).
Indirect methods are often used to monitor the behavior of free ranging juvenile 
sea turtles for extended periods of time. Radio and Sonic telemetry were utilized by 
Standora et al. (1984) to monitor a free ranging juvenile leatherback turtle (Dermochelys 
coriacea) for 18 hrs off Rhode Island, U.S. This juvenile exhibited differences in day and 
night submergence times. Juvenile green turtles (Chelonia mvdasl were monitored with 
sonic tags by Ogden et al.(1983) while on their foraging grounds for 12 days in Teague 
bay St. Croix U.S. Virgin Islands by Ogden et al. (1983). The results showed that these 
animals utilized small areas of the sea grass beds for foraging purposes. Brill et al.(1995) 
tracked juvenile greens for 13 days with sonic tags in Kaneohe Bay, Oahu Hawaii. 
Juvenile greens there utilized small portions of the Bay for their foraging ranges. Byles 
(1988) found that juvenile loggerheads and Kemp’s ridley turtles tracked with radio and 
sonic tags exhibited strong site philopatry once they were established on their foraging 
grounds.
Van Dam and Diez (1997, 1998) monitored juvenile hawksbills at Mona Island 
for periods of 10-16 days with sonic tags and Time Depth Recorders. The area utilized
66
by the turtles was between 0.07-0.21 km2 and their net movements were generally limited 
to a small area of several hundred meters. They concluded that the juveniles utilized 
small home ranges on their feeding grounds.
The work done at Mona Island is among the few studies of juvenile hawksbills on 
their foraging grounds (van Dam and Diez, 1998). Further, Musick and Limpus (1997) 
noted that very little is known about the habitat utilization for this species. The objective 
of the present research was to gain insight into to the habitat utilization of juvenile 
hawksbill sea turtles on their foraging grounds at Buck Island, St. Croix U. S. Virgin 
Islands with the use of radio and sonic telemetry.
Materials and Methods
Study Site— Buck Island Reef National Monument is located at 17° 47.4’ North Latitude 
and 64° 37.2’ West Longitude and sits 2.4 km off the northeastern side of St. Croix, U.S. 
Virgin Islands (Chpl.)
Turtle capture—All turtles were captured by hand in the coral reef environment 
surrounding Buck Island.
Telemetry— The telemetry package used to track turtles in the field was comprised of 
radio and sonic tags, an SRX-400 radio receiver, and a directional hydrophone used for 
receiving sonic signals (Lotek, Newmarket Ontario, Canada) and a single elemental Yagi 
antenna to track animals by small boat.
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The radio tags (Lotek, Newmarket Ontario Canada) operated at a frequency of 
149.540 MHz and were 90 x 80 x 30 mm. They weighed 100 grams in air and featured a 
semi-rigid antenna with a double-coated spring design. The antenna folded back when the 
turtle swam or encountered a solid object and extended vertically when the turtle 
surfaced. While at the surface, the radio tag could emit a signal, but when submerged 
transmission of a signal is impossible due to the high conductivity of seawater. The tag 
was attached to the second vertebral scute on the turtles’ carapace where it offered the 
most optimal signal transmition when the turtle surfaced. The tag was attached with 
epoxy and covered in Bondo filler for abrasion protection (Fig. 1).
The sonic tags (Lotek, Newmarket Ontario Canada) operated at a frequency 
between 66 and 76 KHz, and were used to monitor the movements of the turtle while 
submerged. Sonic tags were 16 x 84 mm and weighed 16.6 grams and were attached on 
marginal scutes 9 and 10 (Fig. 1). Four holes 3mm in diameter were drilled in the scutes 
and the tag was secured in place with a quick-setting epoxy, monel wire and degradable 
plastic ties.
The transmitters had 8-9 months of battery life. If the turtles were not recaptured 
for transmitter removal the radio tags would shed off the turtles’ carapace as they grew. 
The wire and plastic holding the sonic tag in place would rust and wear away allowing 
the tag to shed off. All turtles were released within 250 meters of their capture location.
Turtles monitored —Five juvenile hawksbills were monitored for this study (Table 1). 
The turtles ranged in size from 49.8 to 62 cm straight carapace length (Table 2). A Yagi 
antenna was attached to a 4.6 m mast on board a 5.6 m fiberglass boat powered by a
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Figure 1. Position of radio and sonic tags on the turtles’ carapace.
Radio tag
Sonic tag
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single outboard engine and used to track and locate the turtle when it surfaced. The 
position of the turtle was estimated by: 1) its relative direction and distance from the boat 
(determined by power of the hits received by the SRX 400 receiver; 2) the position of the 
boat determined by a Garmin 12 XL G.P.S. receiver in 3-D mode. The directional 
hydrophone was then used to track the turtle at distances of 10 -  50 m. Whenever 
possible, the engine was shut off and the boat was rowed to track the turtle’s movements. 
Turtle QQD-835 was tracked on 7 different occasions from November 15th to November 
28th 1999. Tracking was done during the daylight hours and began when the turtle 
became active and ended shortly before dusk when the turtle ceased activity and settled. 
The turtle was relocated and tracked on subsequent days the following morning in the 
area where it had settled the previous evening.
Data Analysis— The individual home range area was calculated by the smallest polygon 
enclosing all the known locations the turtle visited using Arc View GIS version 3.0a. 
Kernel Home Range calculates a fixed kernel home range utilization distribution as a grid 
coverage using the ad hoc calculation of a smoothing parameter and the least squares 
cross validation (Arcview 3.0a, 1997). The 50% and 95% probability contours were 
calculated using the Kernel Home Range Arc View 3.0a. These contours show where 
50% and 95% of all the turtles’ movements were located while it was tracked.
Results
Following the initial tagging and release, turtles were located with the telemetry 
equipment an average of 3.8 times (range 3 -  5)(Table 3). The distance between the
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locations where the turtles were last located with the telemetry equipment averaged 0.29 
km with mean intervals of 59 days. These positions were within a kilometer of where the 
turtles were released (Table 3)(Fig 2-5). The mean displacement between release and last 
sonic observation site was 0.40 km.
Continuous tracking of one turtle, QQD-835, at Buck Island provided more 
detailed information on the extent of daily movements (Fig 6.) Maximum excursion 
recorded for a single day was 1.06 km (Table 4). During the tracking period, the turtle 
restricted its movement to a home range of 2.01 km2 (Fig 7.)(Table 4). The area of the 
monument covered by the turtle in a single daily tracking event was much smaller than 
home range over the entire time the animal was tracked. This indicates that this turtle did 
not follow identical movement patterns each day (Table 4). The home range area during 
the tracking period overlapped with areas of zoanthid concentration (Fig 7.)(Chp I Fig 4). 
In the Kernel analysis the area within the 95% probablity contour was 1.01 km2.
However the 50% probability contour was only 0.09 km2 and reflects strong site filidelity 
By this turtle (Fig 8.).
Discussion
A strong site specificity to the Buck Island reef habitat was exhibited by the four 
turtles in the sonic recapture study. Turtles QQD-613, QQD-622, QQD-672 and QQD- 
847 remained within 0.55 km of their release positions (Table 3). These turtles were 
located numerous times within the Buck Island reef system over a period of months 
showing they had strong site fidelity to the north side of Buck Island (Fig 2-5)(Chp III 
Tables 7-10).
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Figure 2. Release and sighting locations for turtle QQD-613.
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Figure 3. Release and sighting locations for turtle QQD-622.
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Figure 4. Release and sighting locations for turtle QQD-672.
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Figure 5. Release and sighting locations for turtle QQD-847.
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Figure 6. Seven combined tracking events for turtle QQD-835 at Buck Island from 14- 
Nov-99 to 28-Nov-99. The red dots represent the position fixes and the yellow line 
connects the positions and shows the track direction.
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Figure 7. The minimum convex polygon covering habitat utilized by turtle QQD-835 
during the monitoring period 14-Nov-99 to 28-Nov-99. The total area of the polygon is 
2.01 km2.
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Figure 8. The 50% and 95% probability contours of the area utilized by turtle QQD-835 
calculated using the Kernel Home Range function in Arc View.
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At Mona Island, Puerto Rico, juveniles were also site specific on their foraging 
grounds (van Dam and Diez, 1998). The size class of juveniles studied there ranged from 
2 0 -5 9 .9  centimeters straight carapace length. The mean distance between the most 
separated points and the mean number of days at large was 0.58 km and 465 days. In our 
study the mean distance was 0.40 km and the mean number of days was 59 days (Table
3).
Juvenile Loggerheads in the Chesapeake Bay, Virginia and on the Great Barrier 
Reef Australia exhibited strong site fidelity once on their feeding grounds (Musick and 
Limpus, 1997; Keinath, 1993; Byles, 1988). In the case of Australia, some juveniles 
remained on the foraging grounds for 8 years or more. Juvenile hawksbills exhibited 
similar site specificity to the coral reef habitat in eastern Australia with some juveniles 
staying within the same area for as much as ten years (Limpus, 1992).
The home range of QQD-835 was slightly larger than the home ranges of three 
juvenile turtles tracked at Mona Island for 15 days (van Dam and Diez, 1998). The three 
juveniles exhibited home ranges between 0.07 and 0.14 km2 with maximum 
displacements between 0.69 and 1.47km during the time the turtles were monitored. The 
total home range utilized by QQD-835 was 2.01 km2 with a maximum displacement of 
1.09km (Table 4). The difference between the home range sizes may be a result of the 
tracking technique utilized at Buck Island. During the 15 day tracking period at Mona 
Island, turtle locations were recorded on 1-4 day intervals and one day was spent to 
record the turtles positions on an hourly basis (van Dam and Diez, 1998). Turtle QQD- 
835 was tracked on an hourly basis at every opportunity except on the release date when 
the turtle was monitored for less than an hour. However, in both studies (Mona and
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Buck Island) the turtles remained close the island with displacements <1.5 km (van Dam 
and Diez, 1998) (Table 4). The areas utilized by juvenile turtles in these two studies were 
small and reflect the strong site specificity of juvenile sea turtles on their foraging 
grounds (Musick and Limpus, 1997; Keinath, 1993; Byles, 1988; Ogden, 1983; Chp III 
Tables 7-10).
The habitat utilized by the juvenile hawksbill QQD-835 included areas of 
zoanthid abundance and the turtle was observed feeding on zoanthids during the 
monitoring period. This further supports observations that these zoanthid habitats are 
essential to juvenile hawksbill development at Buck Island (Ch I-III). Of particular note, 
track seven was spent in pursuit of the turtle to remove the telemetry equipment (Fig 9). 
This may have affected the turtles movement patterns in that it left the monument area 
and headed away from the island for deeper water outside the contiguous reef. Similar 
behavior was exhibited by turtles being captured for tagging purposes at Mona Island 
(van Dam and Diez, 1996). Traveling outside the reef required more use of the boat 
engine since currents were stronger, and engine noise may have encouraged the turtle to 
flee outside the Monument. However, when the turtle was released after retrieving the 
telemetry devices it was observed moving towards Buck Island (Fig 9). This was the 
only time the animal moved outside the Monument (Fig 2.).
Turtle QQD-835 retained its strong site fidelity despite the passage of a very 
strong Category 5 hurricane. Two days into the tracking period Hurricane Lenny hit St. 
Croix U.S. Virgin Islands directly on November 16-17, 1999. The turtle was at large 
during this time with the telemetry devices attached. The turtle was located on
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Figure 9. Track 7 for turtle QQD-835. The yellow line is the track before capture. The 
blue line is the observed tracked after removal of the tracking equipment.
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November 23, 1999 less than 30 meters away from where it was released on the 15th of 
November. The animal was in good condition and so were the telemetry devices.
Conclusions
The juvenile hawksbills monitored at Buck Island showed strong site philopatry 
to the north side of the Buck Island during the monitoring period. Turtles monitored 
intermittently moved less than 0.5 km over an average period of two months. The 
juvenile hawksbill tracked continuously with the telemetry equipment at Buck Island 
exhibited strong site philopatry to areas close to Buck Island during monitoring period 
15-Nov-99 to 28-Nov-99. The home range encompassed 2.01 km2 and the maximum 
displacement was 1.09 km. Strong site philopatry was maintained despite the passage of 
a strong hurricane.
82
Table 1. Period monitored and area of capture and release of telemetry
monitored juvenile hawksbills.
Turtle
Monitoring
Period
C apature and 
release location
QQD-613 15-Dec-97 to 18-Sept-98 Block J
QQD-622 16-Dec-97 to 30-May-98 Block J
QQD-672 17-April-98 to 30-Jul-98 Block L
QQD-847 13-Jun-98 to 18-Sept-98 Block D
QQD-835 14-Nov-99 to 28-Nov-99 Block M
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Table 2. Size classes of turtles monitored with telemetry equipment.
CL and CW = straightline carapace length and width in centimeters 
respectively. Turtle weight is in Kilograms.
F haplotype found in Cuba, Belize, Buck Island, Puerto Rico, and Costa Rica 
populations. N haplotype is found in Puerto Rico turtle 
( * ) Denotes curved carapace length
Turtle Id CL (cm) CW (cm) Weight (Kg) Haplotype
QQD-613 62 48 35 F
QQD-622 51.4 36.3 14 N
QQD-672 50.9 39.6 18 F
QQD-847 49.8 34.9 14.5 N
QQD-835 59.2 51.7 23.5 F
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Table 4. Tracking events for QQD-835. Turtle was released 
14-Nov-99 and recaptured 28-Nov-99. Table shows the time tracked
(hours), total displacement (km) and area utilized (km2).
Event
Time
Monitored
Total 
Displacement (km)
Area 
Utilized (km2)
1 (14-Nov-99) 0.7 0.10 0.004
2 (15-Nov-99) 3.0 0.25 0.03
3 (23-Nov-99) 7.8 0.51 0.1
4 (24-Nov-99) 9.4 0.42 0.27
5 (26-Nov-99) 5.9 0.71 0.26
6 (27-Nov-99) 9.7 0.44 0.3
7 (28-Nov-99) 7.7 1.07 0.69
All combined 44.2 1.09 2.01
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